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We examined whether classic cadherins playa role in 
the formation of desmosomes using a mouse kerati-
nocyte, PAMcN390a cell, which shows disrupted 
classic-cadherin-mediated cell adhesion by introduc-
tion of a dominant-negative mutant of N-cadherin. 
The expression of the mutant did not alter that of 
endogenous E-cadherin or desmoplakin. In control 
cells with functional classic cadherins, we observed 
redistribution of desmoplakin to cell-cell borders 
with insertions of keratin filaments at the contact 
sites as soon as 2 h after calcium elevation, after an 
earlier event of E-cadherin translocation to the cell-
cell contact sites. In contrast, in the PAMcN390a 
C ell-to -cell adhesion of epithe lial cells is governed by two m aj or types of adhesion m achinery: adherens junctions and desmosom es . Adherens junctio ns contain classic cadherins , such as E-cadherin or P-cadherin, as transmembrane components and are 
linked to the actin filament network [1-3] . T he desm osome 
contains desmosoma1 cadherins, desmogleins and desmocollins, and 
is linked to the keratin interm ediate filament ne twork [4-6]. T he 
fi.mctiona l relation between these adhesion complexes is stil l not 
clear. 
Adhesive function of classic cadhe rins is well es tablished, and 
transfection of class ic cadherins into nonadhesive fibroblasts in-
duces cell-cell adhesion with morpho logic change via introduced 
cadherins [7-9]. T hese cadherins require their cytoplasmic do m ain 
and the association with (X- , {3-, and 'Y-catenins [10] . If the 
cytoplasmi c domains are deleted , the truncated cadherins lose the 
abili ty to associate with the catenins and their cell-adhesion func-
tion [11-14]. 
To de termine whether a desm osom al cadherin , desm oglein 3 
(pemphig us vulgaris antigen [I S]), m ediates homophili c binding as 
do the classic cadherins, we constructed a chimeric m o lecule with 
the extracellul ar do main of desmoglein 3 and the cytopla smic 
domain of E-cadherin and introduced it into m o use fibroblastic L 
cells [16] . T he transfectants of tlus chimeric m o lecule did show 
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cells, which showed retarded translocation of E-cad-
herin, the redistribution of desmoplakin and the 
rearrangement of keratin filaments were delayed as 
late as 24 h after the calcium elevation. The acquisi-
tion ofNonidet P-40 insolubility of desmoplakins also 
was found to be delayed in the PAMcN390a cells. 
These findings indicate that the disruption of classic 
cadherin affected the organization of desmosomes 
upon calcium elevation and suggest that the proper 
function of classic cadherins is a prerequisite for des-
mosome assembly in keratinocytes. Key words: kemtitll 
adhere tiS jllllctionldesmoplakitllpempl'iglls a.tltigen. J 1m'est 
Dem,atol 104:27-32, 1995 
homo philic, but very weak, adhesion activity compaTed w ith those 
of E-cadherin. T his observation suggests that desmogleins might 
require coexpression of other desmosomal proteins, such as des-
m ocollins and/ or desmoplakin. for proper adhesive function. How-
ever, beca use almost all desmosome-bearing epithelial cells express 
classic cadherins on their cell surfaces, we postulated another 
possibility: the establishmen t of adherens junctions w ith involve-
m ent of the actin-based cytoskeleton network via classic cadherins 
may be required for desm osomal cadherins to be assembled stably 
at cell-cell contact sites and to m ediate strong cell adhesion. 
Previously, we introduced nonfi.U1ctional N-cadherin , which has 
a largely deleted extracellular domain and the intact cytoplasmic 
domain, into m o use keratinocyte PAM21 2 cells expressing endog-
enous E- and P-cadhcrins. We demonstrated that the truncated 
N-cadherin disrupted the cadherin adhesion system in a dominant-
negative fas luon [17]. In these cells, the endogenous cadherins 
localizing at the cell-cell junctions w ere largely diminished, prob-
ably because the endogenous classic cadherins were replaced by the 
nonfunctional mutant m olecule at the contact sites. Therefore, their 
cadherin-dependent adhesio n was inhibited, resulting in the disper-
sion of cell colonies, a.!though their contacts looked intact under 
lug h-density conditions by phase contra st microscopy. 
To expl ore a role of classic cadherins in the fonmltion of the 
desmosom e, we used these cells to determine w hether disruption of 
classic-cadherin functio n affects the induction of desmosome for-
m ation after calcium elevation [18-21] . 
MATERJALS AND METHODS 
Cell Culture PAM212 is a I1IOllse keratinocyte ceU line 122). T he 
PAMcN 39011 cell is a stable transfcctant w ith a 1l1utant N-cadherin under 
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Figure 1. Irnmunoblot analyses of desmoplakin, E-cadherin, apd the 
truncated N-cadherin. The PAMcN390A cells (Ialles 2, 4, alld 6) and the 
control PAMcNA2A cells (Iatl es 1, 3, alld 5) were examined for the expression 
of desmoplakin (Ialtes 1 alld 2, 250-kD and 210-kD bands correspond to 
desmoplakins I "nd II, respectively), E-cadherin (Ialles 3 alld 4, 127 kD), and the 
truncated N-cadherin (Ialles 5 fl/Id 6, 52 kD). The truncated N-cadberin was 
cxpressed only in the PAMcN390A cells and did not alter d,e exptession of 
endogenous dcsmoplakin and E-cadherin. MolecuIar-weight standards for 200, 
11 6, 97, and 66 kD arc indicated on the left. 
the control of {3-actin promoter and Raus sarcoma virus enhancer complex 
[1 7]. PAMcNt.2A cell is another stable transfectant with the same mutant 
N-cadherin driven by the metallothionein-I promoter, which is activated 
only by the presence ofZn ++ [17]. These cells were cultured in Dulbecco's 
modification of Eagle's medium with 10% fetal bovine serum containing 
1.8 mM calcium. 
To prepare a low-calcium medium, calcium-free minimum essential 
medium (Gibco BRL, Gaithersburg, MD) was supplemented with 10% fetaI 
bovine serum, which was treated with 10% Chelex 100 to deplete calcium, 
and then CaCI2 was added at a final concentration of 0.05 mM. For calcium 
shift assay, after trypsinization the same nu.mber of cells was innoculated and 
maintained in the 10w-caIcium medium overnight on plastic cultute slides 
(Nunc Inc., Naperville, IL) or 30-mm culture dishes; CaCI2 thcn was added 
at the final concentration of 1.5 mM and the cells wcre incubated for the 
indica ted period. The cell s were harvested at the same time for iJllmuno-
fluorescence or immunoblot analysis. . 
Immunofluorescence Cells on culture slides were fixed with 100% 
methanol at - 20°C for 20 min. After incubation with 1% bovine serum 
albumin for 30 min at room temperature, the cells were incubated With an 
anti -desmoplakin monoclonal antibody, II-SF (a kind gift from Dr. David 
Garrod , Manchester University, UK), rat monoclonal antibodies, EcCD2 
(anti-E-cadherin) [23] or NC02 (anti-N-cadherin) [24], or rabbit anti-pan 
keratin antibodies (Dako, Copen.hagen, Denmark) at appropriate dilutions 
with 1% bovine scrwn albumin in Tris-buffered saline containing 1. .111M 
CaCl2 (TBS-Ca) for 1 h at room temperature. The samples were incubated 
further with fluorescein isothiocyanate-conjugated goat anti-mouse, -rat, or 
- rabbit antibodies (Oako). For dual staining for E-cadherin and desmo-
plakin, we used double-staining-grade fluorescein-isothiocyanatt. ... conju-
ga ted goat anti-mouse antibod.ies (Zymed Laboratories, Inc., San Francisco, 
CA) and rhodamine-co~ugated goat anti-rat antibodies (Chemic on, 
Temecula , CA). 
Electron Microscopy Cells on culture slides were fixed with 2% glutaral-
dehyde in 0.1 M cacodylate buffer, pH 7.4, for 1 h at 4°C. Mter washing with 
cacodylate buffer for 3 h at 4°C, the cells were post-fixed with 1% osmium 
tetroxide in cacodylate buffer for 1. h at 4 cC, then dehydrated through a graded 
ethanol series followed by embedding in epoxy resin. Ultra-thin sections were 
cut in parane! to the sur£,ce of d,e culture slide , stained with uranyl aceta.te and 
lead citrate, and examined with a transmission electron microscope 
OEM1200EXlI, JOEL, Tokyo, J apan) at 75 kV. 
Detergent Extraction and Immunoblotting For so luble and insolU-
ble fra ctionation, afte r washing with PBS-Ca, the ce lls were scraped in 1. % 
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Nonidet P-40 (NP-40) in TIS-Ca on ice. After centrifuging at 15,000 rpfll 
for 10 min at 4°C, the supernatant was collected as a soluble fraction. Th~ 
pellet waS washed twice with 1 % NP-40 in TBS-Ca and dissolved .in sOdiul"}) 
dodecylsulfate (SOS) sample buffer (62.5 mM Tris-HCI, pH 7.5, 1% SDS 
0.0025% bromophenol blue, 10% glycerol, 2.5% 2-mercaptoethanol) as ~ 
insoluble fraction. 
Cell extracts were separated by SOS-polyacrylamide gel electrophoresi~ 
and transferred to polyvinylidene difluoride membrane (Immobilon, MiUi~ 
pore, Bedford, MA). The membranes were preincubated in 3% ski.n1 ~ 
for 1 h'at room temperature, then incubated with II-SF, ECC02, or NCD:< 
at appropriate dilution at 4°C overnight. The reaction of d,e first antibOdies 
. was visualized with aIkaline-phosphatase-col1iugated anti-mouse Or tat 
antibodies (Zymed) . 
RESULTS 
A Dominant-Negative Effect of an N-Cadherin Mutant on. 
Cell Adhesion Mediated by Classic Cadherins Mouse kerati_ 
nocytes, PAM212 cells, expressing endogenous E- and P-cadherins, 
were transfected with a mutant chicken N-cadherin in which a 
large portion of the extracellular domain was deleted but the 
cytoplasmic domain was intact [17). This tru.ncated moleCUle 
retained amino-terminal 107 amino acids, which are recognized by 
the rat monoclonal antibody NCD2. A stable transfectant, 
PAMcN3901l cell, expresses constitutively the nonfunctional N-
cadherin under the drive of a f3-actin promoter and RSV enhancer 
comple~ (Fig 1, lane 6). Another stable transfectant, PAMcND.2A. 
cell, was used as a control; it has the same truncated construct under 
control of a metallothionein-I promoter and does not express the 
nonfunctional N-cadherin unless Zn++ is 'added (Fig 1, lane 5). 
Initially, we attempted to use PAMcND.2A cells in this study with 
or without induction of the truncated N-cadherin by the addition of 
100 (.tM Zn ++; however, Zn ++ was toxic to the cells in the low 
calcium condition (data not shown). 
The morphology ofPAMcN3901l cells was distinct from that of 
the control cells even in Dulbecco's modification of Eagle'S me_ 
dium containing 1.8 mM calcium (Fig 2). The PAMcN390D. cells 
tended to migrate out from a colony and did not form a cobblestone 
appearance . However, PAMcN3901l cells located in the center of 
large colonies or close to a confluent state appeared to have mutual 
cell-cell contacts, probably because no physical spaces for cell 
separation were available. Cadherin-dependent adhesion of the 
PAMcN3901l cells was inhibited as determined by cell aggregation 
assay [17]. Thus, the mutant N-cadherin showed a dominant_ 
negative e/fect on the adhesion function of classic cadheruls . 
However, the expression of the exogenous truncated N-cadherin 
did not a/fect that of endogenous desmoplakin, as a marker of the 
desmosome, or endogenous E-cadherin, as a marker of the adher-
ens junction (Fig 1, lanes 1 to 4). The production of desmoplakins 
I (250 kD) and II (210 kD) and of E-cadherin (127 kD) Was 
detected at the same level both Ul the control PAMcNIl2A and the 
PAMcN390D. cells, whereas the truncated N-cadherin (52 kD) was 
detected only in the PAMcN3901l cells. . 
Desmosome fonnation upon calcium elevation was examined ill 
these cells. If the formation of desmosomes is independent from 
Figure 2. Effect of a dominant negative lDutant of N-cadherin 011 
cell-cell adhesion. The PAMcN390A cells (A) show disrupted cell-cell 
adhesion, whereas the control PAMcNt.2A ceLIs (B) grew in a cobblestone 
appearance with tight cell-cell adhesion . Bar, 200 /-Lm . 
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that of adherens junctions, then desmosomes should appear approx-
imately 1-2 h after ca lci um e levation in the PAMcN390t. cells , as 
observed previously (18-21]. If the establishment of adherens 
junctions is a prerequisite for desmosome formation, then desmo-
somal assembly would be impaired in the PAMcN390t. cells. 
Redistribution of Desmoplakin and Rearrangement of 
Keratin Filaments Were Delayed in the PAMcN390,1 Cells 
Under low caJcium concentration, both the PAMcN390t. and the 
control ceIJs showed round morpho logy. E-eadherin ,1I1d desmo-
plakin were distributed diffusely throughout the cytoplasm or the 
ceIJ m embrane (Fig 3A,E,I,lW), and keratin was concentrated in 
the perinuclear zone (data not shown). By 15 min after calcium 
elevation, E-cadherin, but not desmoplakin, was found at the 
regions of ceH-cell contact as continuous bands on ly in the control 
cells (data not shown). In the control ceIJs at 2 h, E-cadheriJl was 
stained clearly at ceIJ-cell borders (Fig 3B) and desmoplakin was 
detected as discre te punctate dots of staining in belts at the cell-cell 
contact sites (Fig 3]). Rearrangement of keratin filam ents also was 
observed as the iJ' interconnections at celJ-ceU contact sites (Fig 
4A), w luch indicates the formation of desmosomes [21,25] . In the 
control ce lJs, these staining patterns continu ed with grad ually 
increasing staining intensities (Fig 3C,D,K,L) . T hese find ings in 
the contro l cells were essentially the same as those of wi ld-type 
PAM212 cells (data not shown). 
In contrast, in the PAMcN3 90t. cell s, at 2 h E-cadherin was 
detected at cell-cell borders with mu ch less stain ing intensity than 
that of the control cell s, but desmoplakin did not accumulate at 
cell-cell contact sites (Fig 3F,N). Dual-lnbel staining for E-cad-
herin and desmoplakin demonstrated that desmoplakjn sta iniJlg was 
absent, even in the cells expressing E-cadherin at cell-ceH borders 
at this time (Fig 5A,B). T he keratin-filament inse rtions also 
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Figure 3. The redistribution 
of desmoplakin upon calcium 
elevation was delayed in the 
PAMcN390A cells. Localization 
of E-cadhcrin (A-H) and desmo-
plakin (I-P) , in either the control 
PAMcNA2A cells (A-D, I-L) or the 
PAMcN390A cells (E-H, M-P) was 
examined by immunofluorescence 
staining at each indicated time after 
calcium elevation. Bar, 50 fJ-m . 
were not observed (Fig 4B). At 12 h , the stalmng intensity of 
E-cadherin became stronger (Fig 3G); however, the redistribution 
of desmoplakin was not yet observed (Fig 30). Finally, at 24 h , 
accumulation of desmoplakin at ceIJ-cell interfaces was demon-
strated (Fig 3H,P). Dual-label staining confirmed the accumu lation 
of desmoplakin , especially at the sites w here E-cadherin stainjng 
was most intense (Fig SC,D). Even at 24 h, some cells expressed 
only E-cadherin and not desmoplakin, at ceIJ-ceU borders (Fig 
SC,D). 
T hese findings indicate that the redistribution of dest110plakin 
and the rearrangement of keratin filaments after caJcium eleva tion 
were de layed in the PAMcN390t. cells. 
Acquisition of NP-40 Insolubility of Desmoplakins Also 
Was Delayed in the PAMcN390,1 Cells Next, we compared 
th e solubilj ty of E- cadherin and desmoplakin after calcium eleva-
tion. Cadherins and desmosomal components are present as soluble 
and insoluble fractions, and ones localized at the ceIJ-cell junction 
are known to be resistant to extraction with non-ionjc detergent, 
probably because of their integration in to the cytoskeleton 
[10,11,13 ,26 -29] . Unstable, newly synthesized desl110plakin is 
recrujted into a stable insoluble fra ction upon induction of cell-cell 
contact [27] . NP-40 - solublc and - insoluble fraction s of the 
PAMcN390t. cell s and the control cells were prepared at various 
times after ca lcium elevation and subjected to immunoblot analysis 
to visualize E-cadherin and desl110plakin (Fig 6) . 
T here was no significant difference of kinetics in the soluble and 
insoluble fractions of E-cadherin between the PAMcN390t. cells 
and the contro l cells . T he amoun t ofE- cadherin in both soluble and 
insoluble fractions increased gradually. The kinetics of desl110plakin 
showed significant differences between these cells. lnsoluble frac-
tio ns of desl110plakins I and II in the control ce ll s were barely 
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Figure 4. Rearrangement of keratin filaments was delayed in the 
PAMcN390A cells . Keratin filaments were stained at 2 h after calcium 
elevation, either in the control ce ll s (A) or in the PAMcN3908 cell s (B). 
Bar. 20 /Lm. 
detected under low calci um condition, but at 2 h clear bands of 
insoluble desmoplakins appeared, and the intensity of these ban ds 
increased. Desmoplakin I expression was approximately three to 
four times greater than desmoplakin II, as reported previously [27], 
and this ratio was manifested in both the solu ble and insoluble 
fractions at all time points. In contrast, insoluble desmoplakins in 
the PAMcN390ll. cells were not detected even at 12 h after the 
calcium elevation , but at 24 h weak bands were fina lly observed . 
T hese kinetics of the insoluble desmoplakin in the control and the 
Figure 5 . Dual-label staini.ng for E-cadherin and desmoplakin in 
the PAMcN390A cells. At 2 h (A,B) and 24 h (C,D) after calcium 
e levation, the express ion of E-cadherin (A , C) 'lI1d desmoplakin (B,D) was 
exa mined ill the PAMcN390A cell s. At 2 h, E-cadherin- express ing cells 
were not yet accum ul:,ting desmoplakin at cell-ce ll bo rders. At 24 h , 
accumu lation of desmoplakin at ce ll-cell borders was apparent at the sites 
where E-cadherin was strongly expressed . Bnr, 50 /Lm . 
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Figure 6. Transi tion of desmoplakin from insoluble to soluble 
pools was delayed i.n the PAMcN390A cells. T he PAMcN 390A ce ll s 
and the con trol cells were extracted with 1% NP-40 and centrifuged to 
separate soluble (S) and inso luble (1 ) fractions at the indicated times afte r 
calcium elevation. 
PAMcN3908 cells were in parallel with the time course of the 
translocation of desmoplakin to the cell-cell borders (Fig 3I-P) . 
Ultrastructure of Oesmosomes in the PAMcN390A Cells 
We studied the ultrastructure of desmosomes in these cells by 
transmission e lectron microscopy. At 2 h after calcium elevation, 
the control ce lls showed mature desmosomes, ha ving cytoplasmic 
attachment plagues with insertions of keratin filaments (Fig 7A ). 
T he PAMcN3908 cells formed no apparent desmosomes at the 
cell-cell contact sites (Fig 7B). At 24 h , a fully assem bled desmo-
somal structure was detected in many, but not all , PAMcN390Cl. 
cells (Fig 70) . There was no significant structural difference of 
desmosomes between the PAMcN390ll. cells and the control cells 
(F ig 7C) . T his ultrastructural study indicates that introduction of 
Figure 7. Ultrastructure of th e desmosome in the PAMcN390A 
cells . At 2 h afte r calcium e levation, desmoso mal structure was demon-
strated at cell-cell borders in the contw l cell s (A), but not in the 
PAMcN3908 ce ll s (B). At 24 h , mature desmosomes were found in both the 
control ce lls (C) and the PAMcN390A ce ll s (D). B",., 0.5 /Lm. 
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the N-cadherin mutant did not affect the ability of the cells to fonn 
mature desmosomes. 
DISCUSSION 
In t1us study, the mouse keratinocyte cell line, PAMcN390~ cells, 
showed disrupted adhesive function of c.Iassic cadherins in a 
dominant-negative fashion and demonstrated a delay in the redis-
tribution of desmoplakin and the rearrangement of keratin fila-
ments upon calcium elevation, fo llowing the retarded translocation 
ofE-cadherin to cell-cell borders in these cells. These observations 
indicate that cell-cell interaction mediated by c.Iassic cadherins or 
the establishment of adherens junctions with the involvement of the 
actin-cytoskeleton network is a prerequisite for desmosome assem-
bly. This may explain , at least in part, why strong cell-cell adhesion 
was not induced by transfection of the chimeric desmoglein 3 into 
fibroblasts , which are not able to first form adherens junctions 
mediated by classic cadherins [16] . 
In this study, E-cadherin in an insoluble pool was detected even 
in low calcium conditions and showed similar kinetics after calcium 
elevation, both in the control cells and in the PAMcN390~ cells 
(Fig 6) . T lus implies that NP-40 insolubility ofE-cadherin does not 
necessaril y correla te with the ability of E-cadherin to mediate 
adhesion. T I'li s implication is consistent with the sin'lilar observation 
that in ce lls that were transformed by the v-src oncogene and 
showed disrupted adhesive function ofE-cadherin [30], E-cadherin 
also was found in the NP-40-insoluble pool (unpublished data) . At 
this point, it is not known how these NP-40-insoluble cadherins 
associate with the cytoskeleton. 
The specu lation that the classic cadherins playa centra.l role in 
regulating the assembly of specialized epithelial junctions is sup-
ported by severa l lines of evidence. First, a neutralizing antibody to 
E-cadherin delayed the calcium-induced redistribution of vinculin , 
{3-1 integrin, and desl110plakin by several hours [31]. Furthermore, 
anti-E-cadherin plus anti-P-cadherin antibodies inlubit the forma-
tion of adherens junctions and desmosomes [3 2]. Second, blocking 
antibodies and their Fab fragments to uvomorulin (E-cadherin) 
inlubited the calcium-induced formation of tight junctions and 
desmosom es coordinately in MDCK cell s [33]. The ability of the 
cells eventually to overcome the inhibitory effect of the a.ntibodies 
and form junctions correlated with the reappearance of uvomorulin 
at the regions of ce ll-cell contact. Finally, a lung carcinoma ce ll line 
PC9, wluch grows as isolated cells or as very loose aggregates in 
sllspension, does not express a-catenin but expresses E-cadherin 
and {3-catenin [34]. When PC9 cells were transfected with aN-
catelUn cDNA, the transfectants ftnn ly adhered to each other and 
formed compacted aggregates, and even formed cystic spheres [35]. 
More strikingly, these cystic spheres formed desmosomes and tight 
junctions at cell contact sites [Watabe et ai, J Cell Bioi (in press)]. 
T lus fmding indicates that rescue of the c1assic-cadherul function by 
transfection with a N-catenUl resu lted in induction of the desmo-
some and tight-junction formation and restoration of their original 
epithelial phenutype. 
A correlation between gap junctions and classic cadherins also 
has been discussed . When a variant mouse epidermal cell mle, 
P3/22, which expresses a gap-junction protein, connexin 43, and 
E-cadherin at low levels, was transfected with E-cadherin, the 
transfectants showed gap-junctiona.l intercellular comml1lucation, 
indicating that the formation of gap junctions is controlled by 
E-cadherin [36]. Furthermore, Fab fragm ents of anti-N-cadherul 
antibody inlubited the formation of gap-junction assembly Ul 
Novikoff hepatoma cells [37] . 
These observations by us and others suggest that classic cadherins 
playa central role in the regulation of keratinocyte u1tercelllllar-
junction organization. In the future it will be interesting to 
u1Vestigate how the establishment of adherens junctions via classic 
cadherins induces signals to form even stronger cell-cell attach-
ments, such as desmosomes or tight jWlctions. 
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ANNOUNCEMENT 
The European Society of Dermatologica l Research C linically Oriented Symposium, "Vitamin 
D: Actions and Applications in Dermatology" will be held Apri l 27-29, 1995 in Aarhus, 
Denmark. 
T he inte rnational symposium is intended to bring together investigators interested in both 
basic science and clinical medicine. T he program will include invited speakers for in troductory 
lectures as well as free communications (oral and poster presentations). Selected papers from 
the symposium will be published in the J ot/mal oj [,westigatille D erl/latology. 
The program will include the biology of vitamin D; expression , regulation, and gene 
regulation of the vitamin D receptor; photobiology of Vitamin D, ro le of cytokines and growth 
factors; immunomoduJatory role (lymphocytes, macrophages, Langerhans cells); cell differen-
tiation and photobiology; clinical experience with vitamin D ana logs; clinical tolerability and 
safety; and potential use in lymphomas and carcinomas. 
T he organizing secretariat includes Knud Kragballe (Denmark), Thomas Krieg (Germany), 
Karsten Fogh (Denmark), Christian Gmnh0j Larsen (Denmark), J o lm J. Voorhees (USA) , 
J ean-Hilaire Samat (Switzerland), Daniel l3ikJe (USA), Peter van de Kerkhof (The N ether-
lands), Michael Holick (USA), and Klaus l3endtsen (Denmark) . 
For information contact K.nud Kragballe, MD, PhD, Departmen t of Dermatology, Marselis-
borg Hospital, DK-8000 Aarhus C, Denm ark. Tel. +45 89 49 18 56; Fax + 45 89 49 18 70. 
